OBJECTIVE: Assessment of a possible relationship between habitual as well as manipulated meal frequency, blood glucose pattern, macronutrient-and energy intake (EI), and energy intake regulation in partially temporally isolated men. DESIGN: A partially temporally isolated within-subject design assessing energy intake regulation in spite of intervention. Intervention consisted of manipulating meal frequency by offering iso-energetic (1 MJ) preloads high in fat or carbohydrate (CHO), with the same energy density. We have previously shown that after a high-CHO preload, inter-meal-interval was 1 h, while after a high-fat preload intermeal-interval was 2 h. SUBJECTS: Twenty healthy young (18 -31 y) normal weight (body mass index (BMI): 22.8 AE 1.9 kg=m 2 ) men. MEASUREMENTS: On two separate days, each after a different preload: subsequent subjects' responses to the preload, eg manipulated meal frequency; continuous blood glucose levels and blood glucose patterns: macronutrient composition of food intake; EI; appetite ratings; and taste perception. From controlled 3-day food intake diaries: habitual meal frequency; EI; and macronutrient-intake. RESULTS: Accuracy of energy intake regulation is expressed as minimizing the difference in energy intake, despite intervention. The difference in 24 h EI on the two test days after the preloads (r 2 ¼ 0.56; P < 0.001) was a function of habitual meal frequency. Variation in energy intake was primarily explained by habitual meal frequency (r 2 ¼ 0.76; P < 0.0001). Adding macronutrient composition and number of blood glucose declines to this increased the explained variation to 86 and 96%, respectively. Percentage energy from CHO or from fat explained the variation in habitual meal frequency (r 2 ¼ 0.84; P < 0.0001). Adding the total number of blood-glucose declines to this increased the explained variation to 88%, and adding average baseline blood glucose levels, sweetness perception and hunger suppression during preload consumption increased the explained variation to 91%. Manipulated meal frequency was related to habitual meal frequency (r 2 ¼ 0.86; P < 0.0001) and was a function of the number of transient and dynamic blood glucose declines (r 2 ¼ 0.74; P < 0.0001). CONCLUSION: Habitual meal frequency is of greater significance in energy intake regulation in healthy young men than manipulated meal frequency. Healthy young men with a high habitual meal frequency showed lower 24 h EI, and a smaller difference in EI after macronutrient specific preloads, compared to those with a low habitual meal frequency, thus showing a more accurate energy intake regulation. Habitual meal frequency is based upon a cluster of related factors including macronutrient composition of the food, sweetness perception, hunger suppression, blood glucose declines and average baseline blood glucose levels.
Introduction
Daily energy intake is regulated more accurately in nibblers than in meal-feeders. 1 In line with this, Drummond et al 2 showed an inverse relationship between eating frequency and body weight status in male, but not female, non-obese adults, reporting valid dietary intakes. Moreover, a greater appetite control was associated with a manipulated increased frequency of eating in lean males, 3 and acute appetite reduction was associated with a manipulated increased frequency of eating in obese males. 4 The combination of these data suggests that improvements in appetite control appear when energy intake is spread evenly over the course of a day.
With respect to body weight regulation, epidemiological studies from over the past three decades report an inverse relationship between habitual meal frequency and body weight, or body mass index (BMI), or percentage body fat, or waist-hip ratio in humans. 5 -12 However, lack of such a relationship has also been reported. 10, 12, 13 Since these studies obtained energy intake data from food intake diaries, which is subject to underreporting 14 -17 it is necessary to study the effect of meal frequency on energy intake regulation more directly. Energy intake contributes to energy balance, as does energy expenditure. Existing data suggest that energy expenditure is not affected by meal frequency, 18 -22 although these studies were conducted with manipulated meal patterns, irrespective of the habitual meal patterns of the subjects.
Effects of habitual meal frequency on energy intake have hardly been addressed. Previously, we showed that habitual nibblers compensated in the afternoon for an energy intake reduction at lunch by 30%, while habitual meal-feeders did not compensate at all, resulting in a reduced 24 h energy intake. 1 The mechanisms behind this are not fully clear. To assess the effects of habitual meal frequency compared to those of manipulated meal frequency, we examined the relationship between habitual as well as manipulated meal frequency to the frequency of transient and dynamic blood glucose declines, following a high-fat or high-carbohydrate (CHO) preload drink. We have shown previously that a given high-fat intake leads to a longer intermeal-interval than a given high-CHO intake, parallel to dynamic blood glucose declines. 23 Here, we applied this phenomenon to introduce a difference in meal frequency. We define manipulated meal frequency as the meal frequency that is manipulated by an intervention, which in this case is a high-CHO or high-fat preload. We define habitual meal frequency as the meal frequency that subjects have in their ad libitum daily food intake. We did not only use these different preloads to create different meal frequencies, but also to create a situation in which accuracy of energy intake regulation despite an intervention could be assessed. We express accuracy of energy intake regulation as minimizing the difference in energy intake, despite the intervention. Here we chose to intervene by macronutrient composition, expecting thus to manipulate meal frequency. In a former study we assessed energy intake regulation in spite of manipulating energy intake itself, by using 'light' ie reduced carbohydrate or reduced fat products. 1 In this study we focussed on the role of habitual meal frequency in food intake regulation by creating differences in meal frequencies. Including a manipulation of energy intake by eg a no preload condition would have given information on the magnitude of energy intake compensation. However, for practical reasons we limited this study to manipulating macronutrient composition and thus meal frequency. Normal weight young men were selected for this study since they regulate energy intake relatively well, and they were tested in a partially temporally isolation, to exclude cognitive food intake cues. 23 We hypothesized that habitual as well as manipulated meal frequency might be related to frequency of blood glucose declines. Moreover, we hypothesized that habitual meal frequency might be related to accuracy of energy intake regulation. 25 were Fl: 4.1 AE 3.0; F2: 3.9 AE 2.6; F3: 4.1 AE 2.7. These scores were all within the normal range, indicating that the volunteers were not inclined to control their food intake cognitively.
Methods

Subjects
Procedure
The study had a single blind, randomized cross-over design. To manipulate meal frequency we offered the subjects a high-fat or high-CHO preload upon their first meal request. The high-fat preload that was used had been shown to be followed by an intermeal-interval of on average 2 h, whereas the high-CHO preload had been shown to be followed by an intermeal interva1 of on average 1 h. 23 By thus inducing different intermeal intervals, we expected to manipulate meal frequency.
Pre-protocol. Before the protocol started, the subjects evaluated the possible test drinks and food items. For the preloads, lemon-flavoured drinks were chosen, to mask possible differences between high-CHO and high-fat drinks. The drinks were iso-energetic, iso-volumetric, each with weight of 350 g, and energy content of 1 MJ. The macronutrient composition of the CHO drink was: CHO=protein (P)=fat (F); 100%=0%=0%; and the fat drink: 13.6%=2.3%=84.1%. The CHO drink consisted of 273 g water and 77 g lemon syrup; the fat drink consisted of 279.5 g water and 62 g heavy cream, 8.0 g lemon syrup and 0.5 g lemon flavouring. Hedonic ratings on 100 mm Visual Analogue Scales (VAS) for the two drinks, after being consumed completely by the volunteers, were not significantly different (CHO: 72 AE 6, fat: 62 AE 10 (NS)). The foods offered for ad libitum consumption after the preload were typical Dutch lunch items according to food consumption surveys 26 chosen to permit ample selection of foods having similar sensory properties but differing in macronutrient composition. The high-fat low-CHO sandwiches were composed of croissants with full-fat margarine and either high-fat cheese (total sandwich (% energy): fat 68.6, CHO 23.2, protein 8.1) or low-CHO strawberry jam (total sandwich (% energy): fat 64.7, CHO 31.1, protein 4.0). The low-fat high-CHO sandwiches were composed of French bread with low-fat margarine and either lowfat cheese (total sandwich (% energy): fat 16.5, CHO 63.8, protein 19.9) or high-CHO strawberry jam (total sandwich (% energy): fat 3.9, CHO 88.2, protein 7.6). By selecting food
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Habitual meal frequency and energy intake regulation MS Westerterp-Plantenga et al items as similar as possible to each other, we took care to ensure that the key features of the taste profiles (sweetness, saltiness, bitterness, sourness, fullness, creaminess, neutrality) of the high-CHO and high-fat food choices were equalized, that none of the choices was preferred, and that they mainly differed in macronutrient composition. Hedonic ratings after consumption of the high-CHO (73.1 AE 6.0) and high-fat (74.2 AE 4.9) foods did not differ significantly. From these pre-protocol observations we concluded that the preload drinks as well as the foods were of acceptable hedonic value to the subjects, and that the differences between hedonic values would not explain possible outcomes, since they did not differ significantly.
Protocol. The protocol consisted of two visits, separated by at least 1 week, to permit testing of the iso-volumetric isoenergetic preload test drinks described earlier, in randomized order. We manipulated spontaneous meal frequency in this free-feeding paradigm by offering the subjects the high-fat or high-CHO preload upon their first meal request. 23 As we have demonstrated previously, 23 the intermeal-interval would be on average 1 h after the CHO preload, and 2 h after the fat preload. During each visit the volunteer was isolated from time cues to eliminate as much as possible habitual (time-determined) meal patterns, enabling observation of meal responses to mainly physiological cues. Therefore, most of the volunteers reported to the laboratory at 2200 h on the evening before each test day, at which point the time isolation and an overnight fast began. Some volunteers, who could not make this, reported to the laboratory at 8:00 h on each test day, after a l0 h overnight fast, at which point the time isolation began. Since no differences were observed according to the time at which the volunteer reported to the laboratory, data were combined for these analyses. No watches, clocks, radios or televisions were in the testing room, and research staff did not make any timerelated statements. On completion of the testing, volunteers were requested to estimate the clock time in order to verify that they were partially blinded to the time of the day.
Blood glucose monitoring. After the volunteer was settled and comfortable, an 18-gauge, 50 mm angiocath was placed in a suitable lower arm or antecubital vein of the non-dominant arm. The blood withdrawal end of a specially-modified, 2.5 m long double-lumen catheter (MTB Medizintechnik, Amstetten, Germany) was fitted into the angiocath. The catheter was heparinized by pumping sterile heparin -saline solution (500 -5000 U=ml) at a rate of approximately 25 ml=min through the distal lumen of the catheter to the tip of the cannula. The blood was continuously withdrawn through the proximal lumen of the cannula at a rate of approximately 25 ml=min. The bloodheparin -saline solution was mixed with a heparinized phosphate buffer, in the proportion 1 : 10, and continuously infused into the sample chamber of a glucose analyser (Model 23A; Yellow Springs Instrument Co., Yellow Springs OH, USA). The resulting blood withdrawal for the longest test day in the study (515 min) was thus less than 13 ml. The lag time of the catheter was 3 -5 min, which was timed for each catheter, and accounted for in the analysis. Sampling occurred at a rate of 10 times per min, and analogue data were amplified, digitized, interfaced (Data Translation Interface Board, model 1028), and displayed continuously on a Macintosh computer monitor (Power PC, Cupertino, CA, USA) using the program Labview. This monitor was not visible to the subject. Before the insertion of the catheter into the subject, and following the completion of testing, the system was calibrated using a bag of sterile saline with added glucose to approximately 5.5 mmol=l. This calibration was done using the same blood-withdrawal cannula that was used in the subject that day. Baseline glucose concentration was determined from the continuous line over a minimum of a 30 min accommodation period. Determination of blood glucose concentrations continued during the day; the testing lasted for a total of 8 h or until clot formation prohibited further blood glucose monitoring (in two of 40 tests).
Hunger, satiety, taste perception and food intake. At baseline, and at random intervals throughout the day (in order to avoid time cues), the subject completed ratings of hunger, satiety, and desire to eat on l00 mm VAS, anchored with such phrases as: 'not at all' or 'very much'.
Throughout the test-day, volunteers rested quietly, reading or studying, with minimal disturbance from the investigator. The subject was informed that he could eat and drink ad libitum from an easily accessible cool-box throughout the day. At first the cool-box contained one of the two preload drinks (350 g of the high-CHO, or high-fat beverage). The volunteer was required to consume the drink in its entirety, and to complete hunger and satiety ratings before and after the preload, as well as sensory ratings of the drink during preload consumption. These sensory ratings of how pleasant, sweet, sour, salty and bitter the volunteer perceived the drink to be were also completed on 100 mm VAS. Following preload consumption, the volunteers continued reading or studying as before the preload, aware that more food was readily available to him in the cool-box. On subsequent meal initiations, generous portions of the high-CHO and high-fat food choices described earlier were present in the cool-box for ad libitum consumption. The volunteer was told that he could eat as much or little as he wanted of any or all of the items offered, and that plenty more was available if he would like. Also water was available ad libitum. The volunteer completed appetite ratings before and after each meal. Following consumption of the first ad libitum meal, bananas and chocolate bars were added to the cool-box for additional high-CHO and high-fat options in order to avoid sensory specific satiety. The total energy and macronutrient contents of the foods consumed were determined by the weighed differences.
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Food intake diaries. The subjects recorded the remaining food intake during the test-day (from 1700 h onwards) for each eating occasion separately, in a food intake diary. Moreover, they recorded their habitual food intake during three days (two weekdays and a weekend-day) in a food intake diary, before the experiments took place. A dietitian instructed the subjects on how to complete a food intake diary accurately and correctly, using weighed intakes. They were required to pay special attention to recording each separate eating occasion by checking every hour whether they had eaten something, followed by a complete description and characterization of the food consumed. Moreover, the phenomenon of underreporting was explained to them, and they were told that they would not qualify for the experiment if they did not report their food intake accurately, a strategy that we have used successfully before.
27
Statistics One-minute averages of blood glucose levels over time were plotted for each volunteer's test day using the programs Microsoft Excel 4.0 and Cricket Graph 1.3 for Macintosh (Cupertino, CA, USA). The data set was shifted forward by the exact recorded transit time of the catheter used for sampling. Based on the definition of transient blood glucose declines in the literature, 28 the blood glucose data were scanned for periods of stable baseline glucose (s.d. 0.055 mmol=l) lasting 5 min or longer, which were then followed by a decrease of at least 5 mg=dl (s.d. ! 2) or 5% below the stable baseline glucose level, lasting at least 5 min. The data sets were also searched for dynamic declines in blood glucose, which have been described as rapid (0.023 -0.070 mmol=l per min for 42 -67 min) declines originating from a peak induced by nutrient ingestion (rather than from a stable baseline). 23 The number of times that meal initiation occurred in the presence or absence of a transient or dynamic decline in blood glucose was quantified.
'Post-absorptive' refers to the state when all the previously ingested food has been absorbed from the digestive tract, whereas 'postprandial' refers to the state when the digestive tract contains ingested food. Since, in the present protocol, testing started at least 10 h after the last nutrient ingestion, the post-absorptive state was defined as the period from the beginning of the testing until the first consumption (preload); the postprandial state was defined from the first nutrient consumption until the end of testing. The food intake diaries were analyzed using the Dutch Food Composition table. 29 Meal frequency was determined as the number of eating occasions separated by at least 15 min. 2 Comparisons were made by repeated measures ANOVA. Associations between changes in blood glucose and meal initiation were tested using w 2 test for 2Â2 contingency tables with correction for continuity. 30 Stepwise regression analysis was utilized to test relationships between energy intake, macronutrient composition, number of transient and dynamic declines in blood glucose and meal frequency. In addition to this a stepwise regression analysis was utilized to test relationships between meal frequency and macronutrient intake, average baseline blood glucose levels, number of transient and dynamic declines in blood glucose taste perception, and the differences in EI following the different preloads. The computer software program Statview 2.0 for Macintosh was used, and statistical significance was accepted as P < 0.05.
Results
Two test-days combined
The volunteers' estimation of clock time at the end of the testing ranged from 7 230 to þ 105 min, verifying that the subjects had been at least partially temporally isolated. This did not differ between the test days when the two different preload drinks were administered. Average baseline blood glucose concentrations were 4.50 AE 0.05 mmol=l.
Blood glucose patterns
On 26 of the 40 test days, after the first 30 min of blood glucose monitoring a transient blood glucose decline occurred. Of these 26 post-absorptive transient declines 24 (92%) were associated with a meal request, which was 60% of the 40 post-absorptive meal requests. After the first meal, which consisted of a preload, a postprandial dynamic decline occurred. Of these 40 postprandial dynamic declines, 32 were associated with a meal request (80%). This meal, chosen by the subject, consisted of sandwiches. Later, during the period following consumption of this meal, 20 postprandial transient declines took place. Of these 20 postprandial transient declines 17 (85%) were associated with a meal request, which was 85% of the 20 postprandial second and later meal requests (Table 1) . 
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Preload effects
The first intermeal interval after the CHO preload was on average 62 AE 17 min, related to a rapid dynamic blood-glucose decline, and after the fat preload 121 AE 23 min, related to a more moderate dynamic blood-glucose decline (P < 0.001). Both intermeal intervals were related to the change in satiety overtime (r 2 ¼ 0.54; P < 0.01). Manipulated meal frequency, which ranged from 2 -9 eating occasions= day was higher on the test-day with the CHO preload than on the test-day with the fat preload (P < 0.05), during the tests, as well as during the complete day (Table 2) . Manipulated meal frequency was positively related to the total number of transient and dynamic declines on each test-day (high-CHO: r 2 ¼ 0.76; high-fat: r 2 ¼ 0.74; P < 0.0001). Macronutrient composition of food intake after the preloads during the test periods did not differ significantly. However, over the complete test days, total and percentage CHO intake was significantly higher and fat intake lower on the days that the high-CHO preload was consumed, suggesting no macronutrient compensation (P < 0.05). Between the two test days there were no statistically significant differences in taste perception of the drinks, total number of transient and dynamic blood glucose declines, energy intake (EI) during the test period, or 24 h EI.
Habitual meal-frequency effects
Habitual meal frequencies from the food intake diaries ranged from 2 -9 eating occasions=day. In general, these were quite formal eating occasions. With two daily occasions, it consisted of lunch and dinner; with three, it also included breakfast, and with four -nine eating occasions= day, maximally two coffee breaks in the morning, maximally a tea break in the afternoon and a bite before dinner, and a coffee after washing up as well as a drink with a bite later in the evening were added. To examine possible individual differences within one test day, the relationships between habitual meal frequency and blood glucose declines, average baseline glucose levels, taste perception, macronutrient intake during the complete test day were analyzed. Since these relationships appeared to be similar for each type of preload offered, the correlations apply to both test days and the smallest r 2 values are presented. Moreover, the relationship between habitual meal frequency and differences in EI after the different preloads was analyzed. Habitual meal frequency from the food intake diaries was positively related to manipulated meal frequency (r 2 ¼ 0.86; P < 0.0001); it did not differ significantly from the sum of the manipulated and reported meal frequency on the test days (P > 0.9).
In a stepwise regression it was shown that primarily macronutrient composition: percentage energy from CHO or from fat explained the variation in habitual meal frequency (r 2 ¼ 0.84; P < 0.0001). Adding the total number of blood-glucose declines to this explained 88% of the variation, and adding average baseline blood glucose levels, sweetness perception and hunger depression during preload consumption explained in total 91% of the variation. Sweetness perception and hunger suppression during preload consumption were inversely correlated (r 2 ¼ 0.76; P < 0.0001). Other perceived tastes did not show relationships with any of the parameters tested. 
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Habitual meal frequency and energy intake regulation MS Westerterp-Plantenga et al Variation in energy intake was primarily explained by habitual meal frequency (r 2 ¼ 0.76; P < 0.0001) (Figure 1 ). Adding macronutrient composition and number of blood glucose declines to this increased the explained variation to 86 and 96%, respectively. However, macronutrient composition and number of blood glucose declines contributed to habitual meal frequency.
The difference in EI during the test day after the two preload types (which is the same as the difference in 24 h EI) was inversely related to habitual meal frequency (r 2 ¼ 0.56; P < 0.001) (Figure 2) .
The food intake diaries showed an average EI of 10.9 AE 2.7 MJ=day, with a macronutrient composition of CHO=P=F: 55 AE 5=12 AE 2=33 AE 7 percentage of energy. Reported EI was significantly lower than the total energy intake on the two experimental days (P < 0.05), ie suggesting approximately 10% under-reporting (consisting of underrecording and=or undereating) or suggesting that the preload on the experimental days was additional. The reported macronutrient compositions compared with those on the two test days showed that the reported % energy from fat was significantly lower than the lowest observed % energy from fat, ie on the day with the CHO preload (P < 0.05).
Discussion
Variation in habitual subject specific meal frequency was primarily explained by the macronutrient composition of the food, ie the percentage energy from CHO or from fat. Secondarily it was explained respectively by the frequency of the total of transient and dynamic blood glucose declines, and sweetness perception and hunger suppression (which were interrelated) during standard preload consumption. 24 h EI was primarily related to habitual, subject specific meal frequency, and secondarily to the macronutrient composition of the food and number of blood glucose declines. However, macronutrient composition and number of blood glucose declines also contributed to habitual meal frequency. The difference in 24 h EI on the two test days was inversely related to habitual meal frequency, indicating that normal weight young men with a relatively high meal frequency regulate energy intake better compared to those with a low meal frequency. Thus effects from habitual meal frequency were of greater significance than effects from experimentally manipulated meal frequencies. This can be explained in different ways, but since the data are correlational, cause or effect cannot be disentangled. Habitual meal frequency could be the result of a partly genetically determined 31 sweetness perception, which was inversely related to hunger suppression during standard consumption, and positively to CHO intake. A relatively high proportion of CHO in energy intake leads to relatively high average blood glucose levels during baselines, and to shorter intermeal-intervals. Subjects may be conditioned to the blood glucose levels and regulate their food intake according to the blood glucose levels they need. The proportion of CHO in the diet is inversely related to the energy density of food intake and therefore inversely to energy intake. 32 -34 This explanation is also supported by our previous results. We showed that differences in metabolic responses to, for example an aspartame preload were related to the individual sensory perceptions of the subjects. 35 Also, a difference in macronutrient preference (CHO vs fat) was shown between genetically determined propylthiouracil (PROP) tasters compared to non-tasters. 36 Moreover, the result of a relatively more accurate energy intake regulation through a habitually higher meal frequency confirms our previous result showing more accurate regulation of daily energy intake in originally nibbling than in originally meal feeding subjects. 1 The results from the present study show that habitual meal frequency is a coordinating factor that includes macronutrient composition, number of blood glucose declines, average baseline blood glucose level, sweetness perception and hunger suppression, in explaining variation in energy intake.
When we compare the effects from individual habitual meal frequencies to manipulated meal frequencies the following appears. The effects of the manipulated increased meal frequency using a high-CHO preload, in contrast to a high-fat preload, was associated with the increased frequency of the total of transient and dynamic blood glucose declines, and with the higher proportion of CHO in the diet of that day. The higher meal frequency may be mainly related to the difference in the duration of the first intermeal interval. When this is on average 1 h after a high-CHO preload, as we showed before 23, 32 and confirmed again this time, but on average 2 h after a high-fat preload, the meal frequency is likely to be larger during the same amount of time in the first case. The higher proportion of CHO in the Habitual meal frequency and energy intake regulation MS Westerterp-Plantenga et al diet was due to the 1 MJ high-CHO preload drink, contrasting to the 1 MJ high-fat preload drink; both drinks were included in the calculation of macronutrient composition of food intake on that day.
The observed responses to the CHO and fat preloads, in terms of blood glucose dynamics, food intake and intermeal interval have been reported previously by our laboratory, and they have been discussed elaborately. 23, 32 Here we have confirmed these findings again and demonstrated strong correlations between blood glucose responses and habitual meal frequencies. Rapid blood glucose responses were associated with short intermeal intervals and high meal frequencies, whereas longer, more moderate blood glucose responses were associated with longer intermeal intervals and low meal frequencies in these time blinded, freely feeding males. As such, the meal frequency, which was positively related to the total of the transient and dynamic blood glucose declines, was higher after the high-CHO preload than after the high-fat preload. However, stronger relationships were shown between habitual subject specific meal frequencies and macronutrient composition, energy intake, the frequency of blood glucose declines, average baseline of blood glucose levels, sweetness perception, and hunger suppression.
The potential source of transient declines in blood glucose, their detection by the central nervous system, and the causal link to feeding behavior have been studied extensively in rats. 37, 38 Correlational data in humans cannot prove causality for blood glucose declines in signaling meal initiation. However, they do provide impetus for hypotheses aimed at understanding the relationship. For example, it has been proposed 39 that transient declines in blood glucose may occur in relation to the point in time when the liver switches from retaining glucose to releasing glucose. This signal may be detected by peripheral and central nervous system glucoreceptive elements and mapped into meal initiation, as evidenced by studies in vagotomized rats. 40 It could be that the organism learns overtime that when blood glucose declines in this specific pattern (perhaps related to the switch from hepatic glycogenesis to glycogenolysis), which is communicated vagally, feeding should be initiated to prevent subsequent hypoglycemia. Likewise, when blood glucose levels drop rapidly during the dynamic decline, a similar response of avoiding impending hypoglycemia may lead to meal initiation. An alternative hypothesis has been offered that transient declines may be conditioned anticipatory responses in which blood glucose is lowered in preparation for the imminent meal-induced rise in blood glucose, possibly related to cephalic phase insulin responses. 41 From our results, it seems that high intake of simple carbohydrates may drive meal frequency through blood glucose dynamics, inducing a vicious circle of blood glucose dynamics driving energy intake.
Chapelot et al also showed in a similar design that fat intake, and moreover, plasma leptin concentration was positively correlated with the next intermeal interval, arguing for a role of leptin in the prandial pattern through fatty acid peripheral disposal. 42 Because body fat mass is related to subject specific leptin levels, this observation seems to support regulated, spontaneous, subject specific meal frequencies, but does not exclude a flexibility if leptin levels would be altered due to a body fat reducing diet for instance. Other relationships, that were shown with habitual meal frequencies such as average blood glucose levels during baselines, sweetness perception and energy intake were not shown with the manipulated meal frequencies. Especially the positive relationship between accuracy of energy intake regulation (expressed as no difference in energy intake irrespective of the type of preload) with habitual meal frequency argues strongly for the significance of habitual meal frequency.
Our suggestion with respect to the significance of habitual meal frequency is partly based upon reported meal frequencies. After the subjects left the laboratory on a test day, they were required to report the remaining time points, amounts and types of their food intake. Moreover, habitual food intake had to be reported during three days. Although the latter energy intake showed an under-reporting (consisting of under-recording and=or undereating) of 10% compared to the partly observed=partly reported energy intake (or, the observed energy intake was increased by 10% in case the preload was completely additional) the range in meal frequency appears to be sufficiently representative. This has also been shown recently by Goris et al. 15 -17 The important role of macronutrient intake in determining habitual meal frequency and energy intake, and the relationship between habitual and manipulated meal frequency suggest that it would be possible to manipulate meal frequency by macronutrient composition in the longer term. In a 6 month intervention study we have shown that introducing a high carbohydrate diet led to a more accurate body weight regulation in dietary unrestrained subjects (men and women) than introducing a high fat diet. 33 One may speculate that conditioning of meal frequency by a high CHO diet, underlined by frequent blood glucose declines and less hunger suppression may play an important role in the individual feeding habits as links between blood glucose declines and feeding. Our suggestion with respect to the manipulated meal frequencies and their effects is in line with the studies showing relationships between appetite control or body-weight status and manipulated meal frequencies. 2 -4 However, all these relationships have been shown in men, lean or obese, but not in women.
Conclusion
In conclusion, healthy young men with a high habitual meal frequency showed lower 24 h EI, and a smaller difference in EI after CHO-or fat-specific preloads, while those with a low meal frequency showed higher 24 h EI and a larger difference in EI after the different preloads. Habitual meal frequency was related to several physiological variables, including blood glucose dynamics. We suggest that within this homogeneous group subjects with a higher habitual meal frequency had a more accurate energy intake regulation.
